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The issue of using corals for the investigation of long-term climate variability in the Pacific
region was discussed in more detail by J. Cole. She emphasised that although instrumental
climate records are generally too short to permit analysis of multiple iterations of decadal
variability in the tropics, new δ 18O results from corals in the central and western Pacific and
Indian Oceans allow us to explore decadal variability over the past 2-3 centuries. Throughout
the period from 1840-1990 used in this study a change in the dominant frequency of variabil-
ity could be detected. The warmer/fresher 20th century experiences mostly interannual vari-
ability (e.g. ENSO), but decadal variability dominates in the cooler/drier 19th century.
Coral records in the south-west Pacific as analysed by T. Quinn showed decadal variability
on time-scales of 14-15 years that have also been found in coral records from western Aus-
tralia and global temperature data.
M. Gagan concluded the coral session with a presentation of results from a multi-proxy com-
parison of coral palaeoenvironmental records spanning 1565 to1985 AD. The majority of
long coral δ 18O records from the Pacific and Indian Oceans show a trend towards lower val-
ues beginning in the 19th century, or earlier. If the shift in δ 18O is due entirely to surface
ocean warming, it is equivalent to an increase of 2°C since the early 1800s. Two important
issues need to be resolved to interpret this trend with confidence. First, the coral δ 18O shift is
probably a function of both warming and freshening of the surface ocean, therefore, it is cru-
cial to establish the temperature component of the shift using other coral paleo-thermometers.
Second, the reliability of coral reconstructions over multi-century time-scales needs to be
confirmed.
The discussion evolving thereafter can be summarised by three recommendations / questions:
1.  A rigorous examination of what climate conditions are being recorded in each proxy indi-
cator at each site (e.g. Antarctic ice cores, Tibet ice cores).
2.  Can we get high temporal resolution maps of the large scale state of the climate system
over a) the last 100-300 years, b) the last 1000 years, esp. for SST (x,t), precip. (x,t).
3.  Do we want directed observational strategies for paleoclimatic indices?
1.  Global, based on analysis of the instrumental record and / or CGCM output
2.  Local, based on particular target phenomenon and/or theory.
K. Trenberth commented in his presentation on some aspects of the past and present behav-
iour of the ENSO cycle. Indices of ENSO for the past 100+ years, indicate that there is con-
siderable variability in the ENSO cycle in the modern record. This variability can attributed
to: (i) stochastic forcing due to weather and other high frequency “noise”, and the Madden-
Julian intraseasonal oscillation in particular, (ii) determinstic chaos arising from internal non-
linearities of the tropical Pacific ENSO, (iii) forcing within the climate system but external to
the tropical and (iv) changes in exogenous forcing.
The last two decades have been marked by unusual ENSO activity following the apparent
climate “shift” in the tropical Pacific at around 1976.  This has raised the question as to
whether anticipated anthropogenic climate change might influence the statistics of ENSO.
The last 20 years are characterized by relatively high ENSO variability, including the two
strongest El Niño events (1982/83, 1997/ 98) in the 130+ years of instrumental records and
an unusual long-lasting warm spell in the early 1990s, so that there is a distinct shift in the
mean toward more El Niños.13
Simulations for the mid-Holocene (6K BP) with eighteen different climate models all simu-
late an increase in the summer monsoon over Africa and Asia as a result of increased summer
insolation, but, when compared quantitatively to biome reconstructions over Africa all the
models underestimate the northward displacement of the desert-steppe transition. Overall,
results from PMIP and related Holocene experiments suggest that vegetation feedbacks and
atmosphere-ocean interactions, which are not commonly included in state of the art simula-
tions of future climate change, can substantially alter climate response to small perturbations.
Future PMIP activities will be directed towards:
•   Comparisons of coupled atmosphere-ocean models for the mid-Holocene.
•   Comparisons of the early Holocene
•   A discussion about an experiment focusing on inception of ice growth at the end of the
last interglacial (~115k BP) has been initiated.
•   Further studies on the LGM
At present, the PMIP group did not feel ready to investigate the last 1000y within a compre-
hensive PMIP project. This should be discussed at the next PMIP meeting.
The last presentation in the modelling session was given by L. Bengtsson on numerical
simulation of climate variability over the last several hundred years. The results obtained
from a 300 y control run with the coupled model ECHAM4/OPYC showed that mixed layer
processes are insufficient and interactions with deep ocean processes are needed. Experi-
ments also show that the warming during the last century cannot be explained with natural
variability, solar warming or volcanic forcing. Observed trends are then consistent with forc-
ing from greenhouse gases and sulphate aerosols.
For further investigations much more confidence in the reconstructions of the solar and vol-
canic forcing are needed to perform reliable and value-added model simulations.
The presentations of the workshop were concluded by S. Frisia who demonstrated the poten-
tial to reconstruct climate fluctuations in the Alps recorded using data derived from stalag-
mites in caves. The annual growth of stalagmites largely depends on precipitation
in many European sites. Their temperature dependence is being investigated through calibra-
tion with the instrumental record. Basically, information about wet/dry periods can be derived
from the Mg/Ca ratio. Overall speleothems have the capability to provide another archive of
the climate in the past, although a careful and thoughtful interpretation is required to obtain
reliable information.